Background. Depression and anxiety have been shown to be associated with obesity and underweight, but little is known about how the relationship varies across the life course, from adolescence through adulthood. We aimed to investigate the association between adolescent-and adult-onset affective symptoms and body mass index (BMI) change from age 15 to 53 years.
Introduction
Depression is the leading cause of burden of disease in the middle-and high-income countries, according to the World Health Organization's current report (WHO, 2008) . Research into the association between depression and body size, an association which is likely to be bidirectional, has to date mainly focused on obesity. However, a clinical perspective suggests that depression may be associated with underweight as well as overweight. Indeed, a cross-sectional study of 43534 individuals reported a significant U-shaped association between depression and body mass index (BMI) categories (underweight, normal, overweight and obesity) (de Wit et al. 2009 ). Moreover, both ends of the weight spectrum have been shown to increase the risk of future depression outcomes and suicide (Diverse Populations Collaboration, 2005 ; Magnusson et al. 2006 ; Atlantis & Baker, 2008 ; Bjorge et al. 2008) . Findings from existing longitudinal studies of depression and BMI are inconsistent : most showed depression to be associated with subsequent increases in BMI or obesity but some showed an inverse association or no association (Blaine, 2008 ; Liem et al. 2008) . Some of this inconsistency may be due to the differences in the age of the samples at baseline when affective symptoms were measured. Some studies investigated adolescent samples (Bardone et al. 1998 ; Barefoot et al. 1998 ; Pine et al. 2001 ; Goodman & Whitaker, 2002 ; Richardson et al. 2003 ; Hasler et al. 2004 ; Franko et al. 2005 ; Anderson et al. 2006 ; TanofskyKraff et al. 2006 ; Kivimaki et al. 2009 ; Ternouth et al. 2009 ), while others were conducted in adults (DiPietro et al. 1992 ; Haukkala et al. 2001 ; Roberts et al. 2003 ; Forman-Hoffman et al. 2007 ; Kivimaki et al. 2009 ). It has been hypothesized that associations between depression and BMI may depend on the age at onset of affective symptoms, given that adolescent-onset symptoms appear to differ from adult-onset symptoms with respect to neurobiological correlates and treatment response (Kaufman et al. 2001) . A recent metaanalysis supported a positive association between depressive symptoms in adolescence and overweight in later life (Liem et al. 2008) . However, most of these studies considered BMI at only one age in later life (Pine et al. 1997 (Pine et al. , 2001 Bardone et al. 1998 ; Barefoot et al. 1998 ; Ternouth et al. 2009) , and some did not adjust for adolescent BMI or consider change in BMI (Pine et al. 1997 ; Bardone et al. 1998) . Furthermore, most of these studies had relatively short periods of followup, assessing the impact of symptoms on BMI only up to young adulthood (Bardone et al. 1998 ; Barefoot et al. 1998 ; Goodman & Whitaker, 2002 ; Franko et al. 2005 ; Tanofsky-Kraff et al. 2006) . Thus, the long-term influence of adolescent symptoms on BMI remains unclear.
Further, to the best of our knowledge, there has been no study exploring whether any effect of adolescent symptoms on adult BMI is due to those with adolescent-onset symptoms having continued symptoms in adult life, or whether adolescence is a critical period for the establishment of the relationship between symptoms and life-course BMI, irrespective of later symptom experience . To investigate these issues, longitudinal studies with multiple measurements of BMI and depression from childhood through adolescence and adulthood are required.
Using data from the Medical Research Council (MRC) National Survey of Health and Development (NSHD) we investigated how longitudinal profiles of affective (depression and anxiety) symptoms were associated with BMI change from adolescence (age 15 years) through adulthood (age 20, 26, 36, 43 and 53 years) . We assessed whether life-course BMI varied depending on age at onset of symptoms, distinguishing adolescent-onset symptoms from adult-onset symptoms. Finally, we investigated whether there were sex differences in the association.
Method

British 1946 Birth Cohort
The MRC NSHD initially consisted of a stratified sample of 5362 children born in England, Scotland and Wales during 1 week in March 1946. The cohort has been studied on 21 occasions since birth, most recently in 1999 (Wadsworth et al. 2003) . Approval for this most recent data collection was granted by the North Thames Multicentre Research Ethics Committee, and informed consent was given by cohort members.
Every survey member with a valid affective symptoms profile who had at least one recorded value of BMI between 15 and 53 years was included in the analyses (n=4559). Of those allocated an affective symptom profile, only 68 (1.5 %) had missing data on BMI at all data collections and were thus excluded from analyses. Those with missing BMI information were most likely to be from the profile with adolescent-onset repeated symptoms (n=35) and least likely to be from the profiles with adolescent-onset symptoms with good adult outcome or with adultonset symptoms (no missing data). There were no participants with BMI data but missing affective symptom profile. Those included in the analyses were not different from those excluded due to missing data on affective symptoms profiles and BMI measures (n=803) in terms of BMI at age 11 years (p=0.90) or childhood (p=0.81) and adult (p=0.95) social class.
Affective symptoms
A broad picture of mental health throughout the life course is available in the NSHD. At 13 and 15 years teacher ratings were collected using a forerunner of the Rutter teacher questionnaire (Rutter, 1967) . Teachers described aspects of the children's personality, behaviour and attitudes on a three-point scale. These questionnaires have previously been subjected to classical linear factor analysis, with one factor comprising 11 items being identified as anxiety/ depression and internalizing emotions and behaviours (Jones et al. 1994 ; van Os et al. 1997 ; Colman et al. 2007b) . This factor is shown to be a good predictor of adult emotional problems (Richards & Abbott, 2009 ). Frequency and severity of common symptoms of depression and anxiety were assessed in adulthood, with the Present State Examination (Wing et al. 1974) at 36 years, the Psychiatric Symptom Frequency scale (Lindelow et al. 1997) at 43 years, and the 28-item General Health Questionnaire (Goldberg & Hillier, 1979) at age 53 years.
Utilising these measures from adolescence to age 53 years, latent class analysis was previously employed to develop a longitudinal typology of symptom profiles of depression and anxiety (Colman et al. 2007a) . This approach solves the problem of the use of different scales for the measurement of symptoms at different ages, and makes it possible to identify groups of individuals with differing experience of psychiatric symptoms over the life course. Since previous factor analyses of the teacher rating scale and the Psychiatric Symptom Frequency scale have failed to identify separate factors for depression and anxiety, a single factor score representing depressive and anxious symptomatology at each of the five ages was estimated after confirmatory factor analysis. Due to the skewed distributions of these scores, a categorical variable with four groups (absence of symptoms, occasional symptoms, moderate symptoms and severe symptoms) was defined at each age. These categorical variables were used in the latent class analysis.
Six distinct profiles were identified up to age 53 years (n=4627) : absence of symptoms (44.8 % of sample), repeated moderate symptoms (33.6 %), adultonset moderate symptoms (11.3 %), adolescent symptoms with good adult outcome (5.8 %), adult-onset severe symptoms (2.9 %) and repeated severe symptoms over the life course (1.7 %) (Colman et al. 2007a) . Because of our interest in the relationship between symptom timing and BMI we defined four groups according to age at onset of affective symptoms : absence of symptoms, adult-onset symptoms (moderate and severe), repeated symptoms with adolescence onset (moderate and severe), and adolescent symptoms with good adult outcome.
Anthropometry
Heights and weights were measured at age 7, 11 and 15 years by school doctors or nurses. At ages 20 and 26 years, heights and weights were self-reported. At ages 36, 43 and 53 years heights were measured, to the nearest 0.5 cm, by trained research nurses using a portable stadiometer according to a standard protocol. Weight, to the nearest 0.5 kg, in light indoor clothing was also measured at these ages, and was adjusted by subtracting 0.5 kg for women and 1 kg for men as a correction for the clothes worn.
Explanatory factors
Sex was considered as a potential effect modifier of associations between affective symptoms profiles and BMI (Istvan et al. 1992 ; Carpenter et al. 2000 ; Richardson et al. 2003) . Childhood and adulthood socio-economic status were included as potential confounders (Moore et al. 1997) since they were associated with BMI and mental health in the NSHD (Hardy et al. 2000) . Childhood social class was defined using the fathers' occupation classified as non-manual (professional, managerial or intermediate) or manual (skilled manual, semi-skilled manual, and unskilled) when the participant was aged 11 years, or, if this was unknown, occupation at age 4 years or 15 years (Registrar General, 1971) . Adult occupational social class at age 53 years (or earlier if this was unavailable) was again grouped into manual and non-manual. Conduct problems and smoking were also assessed as potential confounders as they are associated with both mental health (Chaiton et al. 2009 ; Colman et al. 2009 ) and obesity (Compton et al. 2006 ; Mamun et al. 2009 ; Duarte et al. 2010) . Adolescent conduct problems, assessed by teachers when study members were aged 13 and 15 years (Colman et al. 2009) , and life-course smoking status, based on reports of smoking behaviour at all contacts since age 20 years (Clennell et al. 2008) , were also considered as potential confounders.
Statistical analysis
Since affective symptoms were first measured in adolescence, we considered BMI trajectories from adolescence (age 15 years) onwards. Mean BMI at each age was calculated for the four affective symptom profiles and tests of heterogeneity across the groups were performed. As there were up to six outcome records for each individual, the data could be considered as hierarchical in structure, with repeated measures of BMI (' level 1 ') being clustered within survey members (' level 2 '). Thus, multilevel models were used to investigate the influence of affective symptoms profiles on both BMI at baseline (i.e. age 15 years) and the rate of change in BMI with increasing age, while allowing for the hierarchical nature of the data.
We first fitted a model containing age and affective symptoms profile. We modelled the non-linearity of the association between age and BMI by including quadratic and cubic terms. Interaction terms between each affective symptom profile and age were fitted to test whether the rate of linear change in BMI varied across different profiles. The interactions of profile with the higher-order terms for age were tested and were not significant. BMI at age 11 years was then added to assess whether prior childhood BMI accounted for any relationship. Childhood and adulthood social class was added to this model. Finally, the potential confounding effects of smoking status and adolescent conduct problems were assessed. Additionally, in a separate series of models, we considered the impact of BMI at 7 years instead of BMI at 11 years. Analyses were carried out separately for men and women. To assess formally whether associations were different in men and women, tests for sex interaction were applied in models including both men and women. All analyses were performed in STATA 10.0 (StataCorp LP, USA).
Results
Affective symptoms profiles and BMI categories
Descriptive statistics for BMI at each age by affective symptoms profile are presented in Table 1 . Men with adolescent-onset symptoms had lower BMI than others from age 15 to 43 years (p<0.010 for test for heterogeneity across groups at each age) ( Table 1) .
Women with adolescent-onset symptoms had the lowest mean BMI at age 15 years, but the highest BMI at age 53 years, although the tests for heterogeneity across the four groups were not significant at any age.
Affective symptoms profiles and BMI change across the life course
To assess BMI change across the period of nearly 40 years we applied the method of multilevel modelling. Among women, those with adolescent-onset symptoms with good adult outcome had 0.55 kg/m 2 lower BMI at age 15 years (p=0.030) than women with absence of symptoms (Table 2, Fig. 1b) . A similar difference was observed for women with adolescentonset repeated symptoms, although this was not significant at the 5 % level (p=0.070). Women with adolescent-onset repeated symptoms and those with adolescent-onset symptoms with good adult outcome had significantly higher rates of BMI increase during adulthood (p=0.046 and 0.010, respectively) than those with absence of symptoms, resulting in women with these profiles having higher BMI by age 53 years (Table 2) . At age 53 years women with adolescent symptoms with good adult outcome had an estimated BMI which was 0.63 kg/m 2 higher than those with absence of symptoms. The group with adult-onset symptoms did not differ with respect to BMI trajectory compared with those with absence of symptoms. Among men, two profiles -repeated symptoms with adolescent onset (p<0.001) and adolescent-onset symptoms with good adult outcome (p=0.030) -had significantly lower mean BMI across adulthood than those with absence of symptoms (Table 2, Fig. 1 a) . For example, the mean BMI at 15 years for those with adolescent-onset repeated symptoms was 0.55 kg/m 2 (95 % confidence interval x0.77 to x0.33) lower than for those with no symptoms (Table 2) . A sexrprofile interaction (p=0.023) indicated that this association was significantly stronger in men than women. Men with adult-onset symptoms had a similar BMI trajectory to those with absence of symptoms.
The results of the analysis using unadjusted models in the sample with full information on confounders (n=3375) (Table 3, model 1) were similar to those in the full sample. Adding BMI at age 11 years in men (Table 3 , model 2) reduced the strength of association between affective symptoms profiles and BMI, suggesting that men with adolescent-onset symptoms were also thinner than others in childhood. Adjusting the basic model for BMI at age 7 years (data not shown) attenuated only the association with the profile of adolescent-onset symptoms with good adult outcome.
The association between adolescent-onset symptom profiles and BMI in women altered only slightly after adjustment for BMI at age 11 years (Table 3 , model 2), thus suggesting that, for a given BMI at age 11 years, women with adolescent-onset symptoms had lower BMI than women with absence of symptoms at age 15 years. No such effect was observed after adjusting for BMI at age 7 years (data not shown).
Further adjustment for social class in childhood and adulthood had little additional impact on the association between symptoms profiles and BMI in either sex (Table 3 , model 3). Smoking and adolescent conduct disorders did not confound the associations either (data not shown).
Discussion
In this study investigating the association between longitudinal profiles of affective symptoms and BMI change from adolescence to age 53 years, associations varied by sex and age at onset of affective symptoms. Among women, those with adolescent-onset symptoms had faster rates of increase in BMI across adult life than others, resulting in them having the highest BMI at age 53 years. Men with adolescent-onset symptoms had lower BMI at all ages than others. The BMI trajectories of men and women with adult-onset symptoms did not differ from those without symptoms.
Strengths and limitations
Our study is unique in having multiple measures of both mental health and BMI in both adolescence and adulthood. An advantage, compared with previous longitudinal studies, is thus that the effect of age of onset of the mental health problems on BMI change across the life course can be explored (Colman et al. 2007a) . BMI measures were available at six ages between 15 and 26 years and, hence, the BMI trajectory could be modelled in more detail than in previous studies. Height and weight were measured in the NSHD at all except at two ages in early adulthood, thus minimising the possibility of reporting bias at the majority of ages. The magnitude of the bias due to selfreports at ages 20 and 26 years is likely to be small (Schutz & Woringer, 2002) . The British 1946 birth cohort is reasonably representative of the British born population of the same age (Wadsworth et al. 2003) and thus strengthens the generalizability of our findings. Since all the participants were born in 1946, our results are not confounded by age, although we cannot exclude the sociocultural influences specific to this cohort.
As we used multilevel models it was not necessary for each individual to have all outcome measures recorded, but to obtain unbiased estimates in the presence of missing data it must be assumed that responses are missing at random (MAR) ; that is, the probability of any BMI measure being missing may depend upon observed, but not unobserved, measures. Loss to follow-up and missing data are unavoidable in long running birth cohort studies such as the NSHD. However, there is no reason to suspect that any differences in the characteristics of those with missing data compared with the rest would have a substantial impact on our findings.
Comparison with previous studies
Previous longitudinal studies have reported that depression in adolescence is a risk factor for the development and persistence of high BMI (Pine et al. 1997 (Pine et al. , 2001 Bardone et al. 1998 ; Barefoot et al. 1998 ; Goodman & Whitaker, 2002 ; Richardson et al. 2003 ; Hasler et al. 2004 Hasler et al. , 2005 Franko et al. 2005 ; Anderson et al. 2006 ; Tanofsky-Kraff et al. 2006 ; Liem et al. 2008) . A recent review of 11 studies suggested that depressive symptoms at age 6-19 years were associated with a 1.90-to 3.50-fold increased risk of subsequent overweight assessed after a period of 1-15 years (Liem et al. 2008) . We found a faster increase in BMI during adulthood in women with adolescent symptoms, resulting in this group having the highest mean BMI in their fifties. A recent study showed that the association between common mental disorder and obesity became stronger with age between 35 and 70 years (Kivimaki et al. 2009 ). Consistent with our findings, little or no differences in rates of obesity were observed between ages 35 and 55 years in that study. BMI exhibits strong tracking in the current study (Wills et al. 2009) , and hence, this has implications for the health of women with adolescent symptoms as they age. If women with adolescent-onset symptoms in the current study continue on their current rapidly increasing BMI trajectories, their rates of obesity will be considerably higher at older ages than those with absence of symptoms.
Depressive symptoms in adolescence are commonly found to be associated with overweight or obesity in women (Blaine, 2008) , whilst results in men suggest an inverse or non-significant relationship (Pine et al. 1997 ; Richardson et al. 2003 ; Anderson et al. 2006) . Consistent with our findings, Anderson et al. (2006) reported lower weight in men, and higher weight gain in women, with early onset of depression and/or anxiety across the life course up to the mean age of 33.1 years. The 1970 Birth Cohort Study also showed that childhood emotional problems predicted faster weight gain by age 30 years in women, but not in men (Ternouth et al. 2009 ). We show in an older cohort that this rise in BMI in women continues until mid-life. The inverse association between adolescent-onset affective symptoms and BMI in men in the current study was largely explained by their lower BMI at age 11 years, suggesting that they were also thin in childhood. This finding is in agreement with the data suggesting the directional relationship from low BMI to future depressive symptoms and/or suicide (Magnusson et al. 2006 ; Bjorge et al. 2008) . However, in women with adolescent-onset affective symptoms, BMI at 11 years did not account for the lower BMI at age 15 years, suggesting that these women exhibited a slower mean increase in BMI between 11 and 15 years compared with those with absence of symptoms. Thus it is possible that relative weight loss occurred in these women after of around the time of onset of symptoms. This, together with the fact that these women subsequently increased BMI faster than others, suggests that they may be more prone to greater weight change. The absence of data on affective symptoms before age 13 years, however, does not allow us to say whether symptoms were present before any change in relative weight. Since affective symptoms can exist in prepubertal children (Green et al. 2005) , even an early childhood measure of these symptoms would not necessarily indicate the direction of effect. In our opinion there is little sense in attempting to elucidate the direction of the relationship, since it is most likely to be bidirectional.
Previous studies have not investigated whether the BMI of those with affective symptoms in adolescence varied depending on the presence of adult symptoms. In those with adolescent-onset symptoms, we found similar BMI trajectories for those with good adult outcome and those with continuing symptoms, highlighting the importance of adolescence in the development of the relationship.
Plausible mechanisms
The co-occurrence of depression and weight change raises a question of common cause. Such a process could operate through neurobiological pathways, such as the serotonergic system and hypothalamicpituitary-adrenal axis (Stunkard et al. 2003 ; Bornstein et al. 2006) . Shared genetic risk factors and adverse environmental factors in early life, for example, parental loss or physical and sexual abuse (Harris, 2001 ; Williamson et al. 2002 ; Noll et al. 2007) , may act independently or through a gene-environment interaction, leading simultaneously to weight change and affective symptoms.
During adolescence, rates of depression begin to rise and BMI increases, both more rapidly in girls (Maughan, 2002) . Gonadal hormones may be involved in the joint susceptibility in girls to both depression and increases in BMI. Stressful events during adolescence could also have a joint impact on affective symptoms and BMI (Ge et al. 2001) . Sexual abuse in childhood, for instance, was shown to play a critical role in both development depression (Teicher et al. 2009 ) and obesity (Noll et al. 2007 ) in women. Depression may also lead to detrimental changes in health behaviours resulting in, for example, poor lifelong eating and exercise habits (Jaffee et al. 2002 ; Stice et al. 2002) , which could explain the significant weight gain in adulthood in women with adolescent-onset affective symptoms.
This longitudinal investigation suggests that adolescent-onset affective symptoms are associated with rapid weight gain across the life course in women, but not in men. Our findings indicate that interventions to reduce increases in BMI across the life course in women with adolescent-onset depression should be considered, irrespective of the BMI of adolescents at the time of diagnosis of depression.
